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Abstract 
In some areas of North Sumatra, rainfall may be as much as 3000 mm and depending on 
the soil, palm trees sometimes experienced temporary seasonnal flooding. Somes oil palm 
plantations are situated in constantly muddy places : soil waterlogging leads to important 
carbon metabolism dis.functioning and may affect the yield. The fertilizer application will 
not be as efficient as expected due to important root hypoxia. 
In Marihat Research Station (IOPRI) oil palm seedlings ( commercial D x P) have been 
submitted during 4 months to different water and nitrogen supplies in order to explain, on 
one hand, how heavy rain may produce soil hypoxia at root level , on the other hand how 
waterlogging may interfere with fertilizer application. Seedlings have been submitted to 3 
different water treatments (L for Low: control, M for Medium : partially flooded, H for High 
: completely flooded) and in each "water treatment" 2 levels of nitrogen fertilizer (NO: no 
fertilizer; NI: 35 g of 12/12/17/2 + TE NPK twice a month ; N2 : 3 x 35 g of 1112/17/2 +
TE NP K twice a month) have been applied. Leaf photosynthesis of each tree has been 
measured on leaf 4 with the new portable analyzer LCA4 (ADC, England). The leaf 
transpiration and the stomata/ conductance have been measured, with the same 
experimental design as photosynthesis, with the steady state parameter 1600 (Li-Car, USA). 
At the end of the experiment the leaf area was determined by both classical method (!RHO) 
and with the PCA-LAI 2000 (Li-Car, USA). Above ground and below ground biomass were 
determined for each tree at the end of the experiment. Leaf nitrogen analysis was done 
before starting the experiment and at the end to control the nutrient status of each tree. 
Concerning the leaf photosynthesis and transpiration rate which is, for these oil palm 
seedlings quite low compared to the indonesian potential value, results pointed out a strong 
effect due to the water level :lowest rates (NP(net photosynthesis rate) =1.33 µmol.m-2.s-1;
TR(transpiration rate)=5.56 µg. cm?s-1) are found for pots submitted to complete flooding 
whereas highest rates (NP=2. 77 µmol.m?s-1; TR=7.04 µg.cm?s-1) is clearly observed for 
the pots under field capacity level treatment. Nitrogen application is clearly affected by the 
water level : for the same nitrogen treatment, differences (tendency but no significant test 
due to a very high pots effect on the results) may be highlighted between low water level 
(NP= 4.18 µmol.m?s-1; TR=7.58 µg.cm?s-1) and the completely flooded one (NP=l.63 
µmo/.m-2.s-1; TR=5.09 µg.cm-2.s-1). 
Carbon allocation is significantly affected by the water treatment. Very clear results are 
found with the root biomass. When seedlings are subtmitted to complete flooding, there is 
a strong significant decrease of the fine root (roots III and roots IV) production. Above 
ground biomass experiences flooding effect : the results of the leaflet biomass and the 
rachis biomass between High (strong decreqse qf.(he biomass production) and Low water 
treatment were significantly different. Nii�i/ger{ gain (in %) in each seedling based on 
nitrogen leaf content..dnalysis pointed dut an important lack of efficiency towards nitrogen 
uptake by the roots due to hypoxia phenomena. That point has to be taken into account when 
fertilizer application has to be done in flooded area. 
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Introduction 
Temporary water-logging occurs in some parts of North Sumatra when the rainfall is greater 
than 3000 mm. These areas of temporary water logging often in oil palm plantations specially 
in gleyic hollows after heavy rain. Water-logging induces soil hypoxia and decreases redox-
potential which may impair root metabolism and decrease nitrogen availability through 
denitrification (Dreyer, 1994). In many studies on woody species, it was observed that 
canopy dysfunctions were a result of the stress effect of the roots anoxia. A possible link 
between roots and shoots may be the synthesis of abscisic acid (ABA) in root tips submitted 
to anoxia and transported to leaves via the transpiration flux (Zhang & Davies, 1987). The 
general physiological responses in the canopy of trees exposed to water-logging is an 
important decrease in net C02 assimilation and a stomata! closure (Dreyer et al., 1991 ). This 
observation has been widely reported for many species and intensities of root hypoxia. 
Reductions in growth, appearance of leaf necroses and decreases in leaf nutrient contents 
have also been frequently found. At the root level, strong decay of submerged roots have 
been observed with a possible formation of adventitious transformed roots. The water 
relations of flooded trees are strongly affected by flooding (Dreyer et al., 1994). In that case, 
oil palm trees submitted to temporary waterlogging may be seen their growth completely 
stopped and will not able to stand correctly a drought period coming after. Shallow rooting 
predisposes trees to water stress during drier period and has influence on growth and 
productivity (Becker & Levy, 1986). 
The general aim of this study is to established the nature and the intensity of the reactions of 
the net assimilation and the stomata! conductance of oil palm seedlings t~ root hypoxia and 
to observe the flooding effect on carbon allocation at the plant scale. ·some studies (Colin-
Belgrand et al. 1991) have pointed possible effect of the flooding on leaf nitrogen content. 
The efficiency of fertilizer may be affected by temporary flooding. To test it, a fertilizer 
gradiant was applied in to the water gradiant in order to evaluate the water-logging effect on 
plant nutrient status. The first step of this study is done on young seedlings of 2 years old 
with the aim to get better controlled conditions. But these observations must be completed, 
in the next futur by direct measurements in field conditions in relation with the observed 
yield. 
Material and methods 
Experimental design, 
Commercial D x P seedlings from Marihat Research Station (IOPRI, North Sumatra, 
Indonesia) were selected from the nursery and maintained in good nutritional conditions 
during one year. 
At the begining of May 1996, seedlings were potted in plastic pots of 50 1 (Fig. 1 ). Pots were 
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Fig. 1. Experimental design for each seedling pot for the waterlogging . The external plastic 
tube indicate the water level in each pot and is controlled every day .. A vaccum allow to 
correct the level if needed. 
filled ~th a substract composed by 70 % sand and 30 % compost. Following Dryer (1994), 
an external transparent tube was connected to the bottom of the pots (Fig. 1) allowing a 
precise control of the water table level. A total of 45 seedlings were submitted to 3 different 
water treatments and two levels of nitrogen fertilizer. The plants were waterlogged with tap 
water on May 15th. The seedlings were randomly distributed into 3 treatments : control (L 
for low level, which corresponds to soil at field capacity), partially flooded (M for medium 
level) and completely flooded (H for high level). Inside each water treatment again palms 
were randomly distributed into 3 levels ofNPK fertilizer : NO (no fertilizer), NI (35 g of 
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1/1/17/2 + TE NPK per tree and twice a month during 2 months), N2 (3 x 35 of 1/12/17/2 
+ TE NPK per tree and twice a months during 2 months). In addition, before starting the 
experiment 1 liter of a solution of a 2 % Dithane M45 was put in each pot to avoid fungus 
infestation. A total of3 X 3 different treatments were realized ( H-NO, H-Nl , H-N2, M-NO, 
M-Nl, M-N2, L-NO, L-Nl, L-N2). The level of the water table was controlled every day by 
checking the water level in the external transparent tubing. A vacuum (Fig. 1) at the bottom 
of each pot was used to help the control the water. Under such conditions, 0 2 partial 
pressure is expected to drop in a few days to well below the critical oxygen for root tip 
growth or even for older root maintenance (Dreyer, 1994). Pots were put in ambiant 
conditions from May to August 96 and submitted to local climate (see Lamade & Setiyo a 
(1996) for climatic conditions at the Marihat Research Station). All measurements were 
recorded after three months treatment. Only the leaf analysis for the nitrogen content was 
done before and after treatment. 
Measurements 
For leaf gas exchange two sets of apparatus have been used : the LCA4 (Photo 1) with the 
PLCN4 chamber (ADC, Hoddesdon, England) for the net photosynthesis (in µmol(C02).m-
2.s-
1), transpiration and stomatal conductance and leaf temperature ( original formula from ADC 
were corrected by E. Dufrene pers. comm.) and the steady state porometer Li-Cor 1600 (USA, 
Nebraska) (Photo 1). With the IR.GA LCA4, a total of20 x 45 measurements were done on 
leaves n° 4 and on 10 leaflets with 2 repetitions. The same design was followed with the 
porometer Li-Cor, with a total of 20 x 45 measurements. 
The effect of the double gradient (waterlogging and nitrogen application), was very distinctive 
within the tree~ at the end of the experiment (Photo 2 and 3 ), four months after. 
Photo 1 : Measurements of leaf gas exchange : the photosynthesis with the LCA4 (ADC, 
upper position on the leaflet) and the diffusive resistance with the Il-1600 (Il-Cor, lower 
position). 
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Photo 2 and 3: Effect of the double gradiant (water level and fertilizer) on seedlings. The 
left side : L-N I treatment; The right side : H-N2 treatment. 
Leaf area 
Following the Tailliez & Koffi 's method (1992), the surface area of 3 leaves per tree were 
measured (generally n° 2, 9 and 12) and dried in an oven for 12 h at 85 °C. The leaves where 
then precisely weighed. 
The evaluation of the LAI of individual trees bring conceptual problems and the general 
methodology which was applied for 6 year old planting palms (Lamade & Setiyo b, 1996) 
cannot be used in the same way for discontinued canopy. Following the procedure described 
in the notebook of Li-Cor, the individual foliage density using the PCA 2000 LAI (Li-Cor, 
Nebraska, USA) was determined for each tree at the begining and at the end of the experiment. 
Leaf nitrogen content 
Leaf nitrogen analysis has been done for each tree before starting the experiment to control the 
nutrient status of each tree and again at the end of the experiment to control the effect of 
respective nitrogen treatments on the trees. Analysis were done on leaf number 4 with 20 
leaflets per sample. All analyses were done in the Laboratory of the Marihat Research Station. 
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Table 2. Means table for biomass variables and for all treatments H, M, Land NO, NI and N2. ; Newman-Keuls 
test are indicating at level 5 % with capital letter A, B ,C. Standart deviation are in(). 
NPK water level water level Medium water level Total 
level High Low mean 
water 
Roots (I+ II) NO 145.02 (23.28) 211.63 (50.43) 222.92 (53.37) 193.19 
g OM/tree NI 119.95 (39.72) 164.68 (31.31) 232.37 (43 .39) 172.33 
N2 132.38 (30.13) 198.67 (40.73) 208.33 (41.50) 179.79 
NM-KS% tot 132.45 B 191.66 A 221.21 A 
--------------- ------ -------------------- ------------------- ------------------ ---------
Roots (IIT+IV) NO 324.44 (140.03) 568.88 (234.30) 505.42 (76.10) 466.5 
NI 305.29 (103.02) 523.41 (172.01) 560.86 (159.65) 463 .18 
N2 257.96 (60.29) 496.84 (126.44) 478.85 (90.33) 411.22 
NM-KS% tot 295.90 B 529.71 A 515.04 A 
-------------- ------ -------------------- ------------------- -------------------- ---------
total roots tot 428.34 B 721.37 A 736.25 A 
------------------ ----- -------------------- ------------------- ------------------- ---------
Leaflets NO 417.39 (112.16) 451.37 (77.14) 478.13 (132.83) 448.96 
gDM/tree NI 355.5 (141.71) 497.68 (79.70) 433.82 (58.70) 428.92 
N2 410.31 (152.86) 586.54 (104.42) 538.24 (118.77) 511.70 
N'M-K5% tot 394.32 B 511.86 A 483.40 A 
--------------- ----- -------------------- ------------------- ------------------- ---------
Rachis NO 318.42 (62.15) 342.80 (54.12) 369.11 (94.51) 343.44 
gDM/tree NI 334.15 (60.21) 393.41 (68.29) 342.12 (45.23) 356.56 
N2 296.52 (85.45) 486.90 (182.37) 408.70 (107.74) 397.37 
NM-K5% tot 316.36 B 407.70 A 373.31 AB 
--------------- ------ -------------------- ------------------- -------------------- ---------
petiole NO 489.2 (112.28) 502.15 (103 .62) 664.75 (361.92) 552.04 
J ' 
g DM/tree NI 522.94 (111.07) 509.31 (93.44) 492.97 (107,. 93) 508.41 
N2 449.70 (176.20) 618.52 (136.58) 688.59 (i90.52) 585.60 
--------------- ------ -------------------- ------------------- -------------------- ---------
collar NO 472.92 (209.62) 792.46 (148.28) 709.68 (399.48) 658.35 
g DM/tree NI 578.98 (342.33) 651.44 (161.55) 620.82 (180.23) 617.08 
N2 735 (299.35) 620.78 (199.08) 790.28 (234.38) 715.35 
----------------- ------- ------------------------- ---------------------- ------------------------ -----------
total biomass 2221.94 B 2872.49 A 2915.32 A 
------------------ ------- ------------------------ ----------------------- ------------------------ ------------
Leaf area (2) NO 664.58 (79.73) 617.90 (115.44) 679.62 (7.58) 654.03 A 
cm2 NI 519.98 (105.50) 607.54 (93.46) 596.48 (90.40) 574.67 B 
N2 555.66 (119.09) 623.36 (100.92) 532.62 (90.85) 570.55 B 
------------------ ------ ------------------------ ----------------------- ----------------------- ------------
Leaf area (9) NO 546.60 (99.43) 466.68 (149.03) 548.06 (85.73) 
cm2 NI 462.78 (85.84) 559.78 (52.27) 556.32 (65.21) 
. N2 501.84 (77.45) 502.40 (61.56) 542.22 (49.04) 
------------------ ------ ------------------------ ------------------------ ------------------------ -----------
Root/shoot NO 0.29 (0.10) 0.38 (0.17) 0.38 (0.16) 
ratio Nl 0.23 (0.03) 0.34 (0.11) 0.44 (0.17) 
N2 0.22 (0.05) 0.30 (0.04) 0.30 (0.07) 
tot 0.25 B 0.34 A 0.37 A 
------------------ ------ ------------------------ ------------------------ ------------------------ -----------
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* Biomass allocation 
Following the previous observation on roots, leaflets, rachis, collars and petioles, the results 
on total biomass show again a very strong effect to water-logging (Table 1 ). But the best 
vegetative production is found in the L-N2 level treatment with a mean of 3.112 kg ofDM per 
tree. The lowest vegetative production is found for H-NO level with a mean value per tree 
equal to 2.167 kg ofDM. Ifwe look now the effect of treatments on the biomass allocation at 
the plant scale (Table 3), we see that flooding provoks a dimunition of the roots importance 
and a development of the upper parts. For L-NO, roots are representing around 25 % of the 
total dry matter of the tree, for H-NO, this rate is going down to 22 % after only three months 
treatment . In addition to the effect of the nitrogen application , the roots allocation is even 
lower with a value equal to 17 %. 
Table 3. Effect of waterlogging and fertilizer gradiant on biomass allocation at the plant scale. Percentages for 
all organs are presented. 
L-NO % L-Nl % L-N2% M-NO% M-Nl % M-N2% H-NO H-Nl H-N2 
% % % 
Leaflets 16.2 16.16 17.29 15.73 18.16 19.51 19.25 16.03 17.98 
Rachis 12.5 12.75 13.13 11.94 14.36 16.18 14.69 15.07 12.99 
Petiole 22.5 .18.43 22.12 17.5 18.59 20.56 22.57 23.59 19.70 
Collar 24.1 23.1 25.38 27.61 23 .77 20.63 21.81 ' 26.12 32.20 
24.7 29.56 22.08 27.22 25.12 23.12 21.66 
; 
19.19 17.13 roots 
Leaf gas exchange 
* Leaf photosynthesis and stomata! conductance (LCA4) 
The leaf photosynthesis values are very low compared with what is usely found for palm trees 
in the field : maximal values are around 8 µmoI.m-2.s-1 for L water level (Fig.2). 
On Fig. 2, the net photosynthesis data were plotted against the stomata! conductance (GS in 
mm.s-1) estimated with the LCA4.The values of stomata! conductance are also very low with 
this method (Parkinson Leaf Chamber and van Caemmerer & Farquar formula (1980)) . On 
Fig. 2 it is possible to see that the H level present a very short band of variation compared to 
L . For the photosynthesis, the highest value are recorded for trees experience the L level 
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Fig. 2. Relation between the net photosynthesis and the 
stomata! conductance GS (LCA4 data). Regression fit : 
polynomial degree 2, r2 = 0.70***, SAS system for window. 
for the H-N2 with an average equal to 0.812 µmoI.m·2.s·1. The effect of nitrogen seems to be 
in interaction with the photosynthesis and not clear significance was found with the anova 
tests for both effects water and nitrogen. Trees effect seems to be predominant (Table 4). The 
variation of ambiant conditions (Table 4) with PAR (Photosynthetically Active Radiation in 
µmol.m-2.s-1) and RH (Relative Humidity) can also explain these results. But if we look the 
net photosynthesis in relation to the leaf nitrogen analysis (Fig. 3), a general trend can be 
observed with an increase of the leaf photosynthesis with the nitrogen content ( correlation 
coefficient : r2 =0.27) 
Fig. 3. Relation between the 
net photosynthesis (NP) and 
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Table 4. Means table for leaf gas exchange variables for all treatments H, M, L and NO, Nl and N2; Results of 
Fisher test are done withfollowinflevel of significance: P<0.001 ***, P<0.01 **, P< 0.05 +, n.s. Non significant. 
studied water level H water level M water level L total 
variable 
N of obs. 
photosynthesis NO 38,58,31 2.12 (1.75) 1.03 (1.48) 1.60 (1.48) 1.49 
µmol.m-2.s-1 Nl 59,52,81 1.63 (1.46) 2.43 (2.18) 4.18 (2.38) 2.92 
(LCA4) N2 92,40,55 0.81(1.14) 3.85 (1.64) 1.35 (1.46) 1.62 
Fisher*** 1.33 2.27 2.77 
------------------ ------------------ ---------------- ------------------ ------------------ ----------------
gs mm.s-1 NO 0.039 (0.027) 0.028 (0.015) 0.035 (0.034) 
Nl 0.038 (0.027) 0.048 (0.035) 0.079 (0.042) 
N2 0.017 (0.013) 0.098 (0.045) 0.029 (0.016) 
(LCA4) Fisher*** 0.023 0.040 0.043 
------------------ ----------------- ------------------ ------------------ ----------------- -----------------
PAR NO 1108 (538) 1012 (463) 1524 (293) 
µmol.m-2 .s-1 Nl 1353 (486) 1614(346) 1184 (666) 
N2 1409 (402) 562(431) 914 (272) ______ ..,. ___________ ---------------- ----------------- ----------------- --------------- -----------------
transpiration NON=lOO 5.80 (3 .02) 3.49 (2 .98) 7.11 (5 .87) 5.46 
µg.cm-2 .s-1 Nl N=lOO 5.09 (3 .35) 9.80 (5.80) 7.58 (4.39) 7.49 
(Li-Cor) N2 N=l20 5.75 (2.65) 6.97 (3.13) 6.44 (3.63) 6.34 
5.56 6.74 7.04 
Fisher water nitrogen tree 
23 .24*** 37.81 *** 24.74*** 
------------------ ----------------- ----------------- ---------------- ------------------ -----------------
diffusive NO 3.48 (2.11) 5.71 (4.53) 2.9 (2.4) 4.04 
resistance . Nl 3.28 (2.33) 2.72 (2.35) 2.14 (1.53) 2.71 
cm-1.s N2 3.91 (2.56) 1.52 (1.19) 3.31 (2.7~) . 2.98 
' (Li-Cor) 3.58 2.78 3.32 
water nitrogen tree 
Fisher 13.17*** 38.24*** 19.77*** 
------------------ ------------------ ------------------ ------------------ ------------------ -----------------
PAR NO 722 (588) 600 (487) 670 (439) ambiant 
µmol.m-2 .s-1 Nl 832 (580) 1014 (515) 882 (693) conditions 
(Li-Cor) N2 913 (489) 310 (283) 609 (337) during 
------------------ ------------------ ----------------- ----------------- ---------------- experiment 
Relative NO 65.06 (10.07) 65.55 (13 .72) 71.46 (14.88) 
humidity Nl 61.49 (11.87) 60.46 (9.65) 68.16 (15.53) 
% N2 53 .73 (13.57) 77.41 (4.28) 60.89 (7.87) 
(Li-Cor) 
*Diffusive resistance and transpiration (Li-Cor 1600) 
For the transpiration (TR in µg.cm-2.s-1) measurements, both water and nitrogen effect are 
noticed (Table 4) with significant Fisher tests. Still tree effect remains important and do not 
allow very clear conlusion. Nevertheless, it can be noticed maximum rates for L water level 
(average for L :TR= 7.045 µg.cm-2.s-1) and the minimum for H water level ( average TR = 5.56 
µg.cm-2.s-1 ) . A very low transpiration rate is observed for M-NO ( average TR = 3.50 µg.cm-
12 
2.s-1) most probably due to important disparity among trees. On Fig 4, the diffusive resistance 
(DR in cm-1.s) has been plotted versus the transpiration rate (TR in µg .cm-2.s-1) . Experimental 
data may be fitted by negative exponential curve (DR= A *exp(-B*TR)). It is interesting to 
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Fig. 4. Relation between the diffusive resistance and the transpiration 
under the leaf temperature gradiant (dark : 25 ° C to light : 37 ° C) 
Regression fit : polynomial degree 7, r2=0. 77 *** with SAS system for 
windows (Li-Cor data). 
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A increases when the leaf temperature is increasing, and B, on the contrary, decreases along 
the same temperature gradiant. The leaf temperature, which is measured directly by a sensor 
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Fig. 5. Effect of the incoming radiation (PAR) on the leaf 
temperature. Regression fit : polynomial degree 3, r=0.60* * * 
SAS system for Windows. 
The diffusive resistance is following the same feature than the transpiration. This variable 
seems to be more sensible to the nitrogen level than the water level : Fisher tests are significant 
(Table 4) but the tree effect is still important and, again does not allow clear conclusion for this 
variable. Nevertheless it can observed a higher value of DR for the nitrogen level NO (average 
DR= 4.04 cm-1.s) and lower for NI and N2 ( average DR for NI is equal to 2.71 cm-1.s, and 
forN2: 2.98 cm-1.s). Ambiant conditions are variable too, when measuring (Table 4) with PAR 
value evaluating from 310 µmol.m-2 .s-l (for M-N2 trees) to a maximum average of 1014 
µmol.m-2 .s-l for M-Nl trees). 
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*The leaf temperature 
Both apparatus, the LCA4 and the Li-Cor 1600 are given directly (with a sensor) or indirectly 
(by calculation) the leaf temperature : this variable could be a good indicator of the leaf status 
during leaf gas exchange measurements. By comparing both data leaf temperature set (Table 
5), it is clear that the Parkinson Leaf Chamber of ADC put the lamina sample during experiment 
in a wormer conditions ( an average of 6 °C more) than the Li-Cor 1600. It is the reason also, 
that the values of stomata! conductance with ADC cannot be compared directly with that of the 
diffusive resistance obtained with the Li-Cor (a complete study on that subject have been done 
by A Ducrot in 1997), because the micro-environment around the measured sample lamina is 
not the same for LCA4 and Li-Cor 1600. 
Table 5. Comparison of the leaf temperature with LCA4 , during the photosynthesis measurements and with Li-Cor 
1600 during transpiration and diffusive resistance measurements. The leaf temperature with LCA4 was calculated 
from Parkinson formula (1985), the leaf temperature with Li-Cor is directly measured with a sensor. 
Treatment mean T0 Leaf (LCA4) mean T0 Leaf (Li-Cor) Difference 
H-NO 36.88 31.45 5.43 
H-Nl 36 29.97 6.03 
H-N2 38.15 31.83 6.32 
M-NO 36.64 30.07 6.56 
M-Nl 38.62 32.61 6 
M-N2 31.58 27.32 4.25 
L-NO 38.04 29.51 8.53 
L-Nl 34.18 29.32 ,4.8(? 
L-N2 35.48 30.25 5.23< 
Fertilizer efficiency 
The nutrient gradiant which was installed at the beginning of the experiment was successfull 
because significant effect can be noticed among treatments (Table 6). At the begining of the 
experiment all bloks were homogeneous as far the leaf nitrogen content in the leaf is concerned. 
Fisher test on "before" variable are not significant. After four months treatment (both 
waterlogging and fertilizer application), a significant effect of the nitrogen gradiant may be 
noticed for "after" variable (Table 6). Percentage of leaf nitrogen content is increasing from 
1.65 % for trees under NO to 2. 73 % for trees under N2. The nitrogen gain increases obviously 
with the nitrogen supply (Table 6) whit a gain equal to -0.38 % for NO and 0.59 for N2. A 
significant interaction effect (Fisher test equal to 5.39) can be seen for this variable. By 
consequence, we observe that there is significant difference within NO, Nl and N2 depending 
on the waterlogging level. The trees from the L-N2 show a value equal to 3. 05 % of nitrogen 
in the leaves when trees in the H-N2 treatment shown significant different rate, equal to 2.46 
%. Same feature can be seen for the Nl level (with some overlapping of confidence interval) 
with for the trees under H-Nl, a nitrogen content in the leaf equal to 2.10 % and for the trees 
under L-Nl until 2.36 %. 
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Table 6. Effect of the waterlogging on nitrogen uptake and nitrogen gain for each tree. ANOV A have been done on 
% nitrogen content before experiment and after. Fisher test : level of significance*** P<0.001, ** P<0.01, + P<0.05, 
n.s. : non significant. Newman-Keuls test at risk 5 % discriminate significant different means (A, B, C, D). 
variable nitrogen level water level H water level M water level L 
% nitrogen Fisher water nitrogen interaction 
"Before" 2.33 n.s. 3.10 n.s. 1.31 n.s. 
------------------ ----------------- ----------------- ------------------ -----------------
%nitrogen Fisher water nitrogen interaction 
"After" 2.04 n.s. 49.14 *** 5.39 ** 
------------------ ------------------ ----------------- ------------------
NO 2.04 C 1.52 D 1.37 D 1.65 C 
MN-K5 % NI 2.10 C 2.36 BC 2.23 BC 2.23 B 
N2 2.46 BC 3.05 A 2.67 AB 2.73 A 
tot 2.20 2.31 2.09 
------------------ ------------------ ------------------ ------------------ ------------------ ------------------
nitrogen gain Fisher water nitrogen interaction 
% 1.57 n.s. 39.01 *** 4.82 *** 
------------------ ------------------ ------------------ -----------------
NO 0.08 B -0.6 C -0.62 C -0.38 C 
MN-K5 % NI 0.13 B 0.43 AB 0.21 B 0.26 B 
N2 0.47 AB 0.77 A 0.54 AB 0.59 
tot 0.23 0.20 0.04 A 
Conclusion 
It is clear that waterlogging leads to important metabolism disturbance.The results of this 
experiment on young oil palm seedlings show an important effect of flooding on vegetative 
growth. After two months treatment, visible signs of leaf necrosis, already pointed by many 
studies on woody species ( Dreyer, 1991; Dreyer et al. 1994) in interaction with a possible lack 
at nutrient level were obvious for the totally and partially flooding trees. It has been commonly 
observed that water-logging induces decay of the root system (Colin-Belgrand et al. 1991). The 
development of roots is modified and a lot of time a production of adventitious roots was 
observed (Dreyer, 1991). Our results show a very strong effect of the totally flooding treatment 
(H) on all root categories (I,II, III and IV) : at the plant scale, roots importance is decreasing 
from 25 % to 17 % of the total carbon allocation. There is apparently no production of 
adventitious roots for oil palm in such flooding conditions. This is in relation with the 
observation of Dreyer et al. (1994) on a temperate woody specie : Quercus robur. We observe 
that the leaflets production are obviously less suffering from flooding for oil palm seedlings. 
There is a small decrease, but still significant, in the leaf area of the yougest leaves. Petiole and 
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rachis are apparently not affected by waterlogging. Drew ( quoted by Dreyer, 1991) hypothesised 
that one of the major effects of root hypoxia on shoot physiology could be mediated by 
decreased nutrient assimilation and translocation in particular N, Kand P. For instance Drew 
and Sisworo ( 1979) observed reductions of N content in barley to 2/3 of the initial 
concentrations. Obviously, form our results, it is possible to see that the lowest N contents are 
found with the totally flooding treatment. The reduction of the mineral supply to leaves, in 
particular, N and P can be one of the hypothesis put forward to explain reductions in 
photosynthetic performance during waterlogging (Dreyer et al., 1994). As a consequence, the 
efficiency of fertilizer application is strongly affected by waterlogging. If oil palm trees are 
experienced flooding, even temporary, the standard reccommendations will not be very accurate 
and new studies are needed to found again good application rates . 
A strong decrease of the net photosynthesis , in parallelle with the stomata! conductance were 
observed from oil palm seedlings experienced the totally flooding treatment. Soil hypoxia is 
known to cause rapid decreases in root hydraulic conductivity (Everard & Drew, 1987; 
Harrington, 1987; Smit and Stachowiak, 1988 all quoted by Dreyer, 1991) ). This may influence 
the stomata! conductance. Important stomata! closure has been widely reported for many 
species. Such stomata! closure strongly limits C02 influx into mesophyll and therefore net 
assimilation rates of waterlogged plants. Oil palm seems to be very sensitive, as far as the 
stomata! conductance is concerned, to flooding even partial flooding. Transpiration is also 
affected by waterlogging in relation with the disturbance of the hydraulic conductivity. 
Results on oil palm seedlings do confirm those commonly reported in litterature : this specie 
is disturbed by flooding. New developments are needed now to study oil palm trees in situ to 
investigate more the effect of flooding on production in interaction with usual fertilizer 
reccommendations. 
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